Abstract
INTRODUCTION
Fishery management is based on the knowledge and skills of specialists working in the field of water bio-economy. Fish and fishing industry are integral parts of human society and make an important contribution to the socio-economic and welfare in many regions and countries. Fisheries production is used in a wide variety of ways, based on subsistence or trade in fishery products (Nicolae et al., 2011a) . In order to assess more complex and complete value of all components of the fishery, in terms of diversity and quality of stocks and regeneration rate of bioresources, namely to establish an effective and responsible management, sound scientific data is needed. According to them, fishery managers can make pertinent decisions only through good collaboration with all stakeholders; this will improve exploitation methods, will reduce the risk of overexploitation, the measures of protection and conservation of biodiversity will be respected and the sustainable use of all resources will be ensured (Calin, 2013; Radu and Maximov, 2006) . Pontic shad is a fish with high economic and socio-cultural value for the communities established in the DanubianPontic space. In Romania, shad fishery has a market value of about 1.5 million euro, with average annual catches of 200-500 tonnes. But, since the interest for exploitation and marketing has grown, also the danger is greater for drastically decline of Pontic shad populations from the Danube and the Black Sea. The main factors with negative impact on the shad stocks in the Black Sea and the Danube are overfishing and pollution and, also, dam construction (Năvodaru, 1996) . Therefore, it is essential to know the aspects of ecobiology and exploitation conditions of the species, in order to ensure background information for the conservation and management of stocks. The decrease of fish stocks to critical biological and ecological levels will cause a loss of potential benefits especially for biodiversity, food, income and employment, in short and long term (Nicolae et al., 2011b) .
MATERIALS AND METHODS
The starting points for stock assessment of fish populations are length and weight data; they can be regarded as an "outline" reflecting dynamic interactions between growth, recruitment and mortality rates, essential for fisheries management (Neumann et al., 2001 
RESULTS AND DISCUSSIONS
Pontic shad individuals caught during the study years comprised 4 generations, namely 2-5 years. The samples were dominated by 3 and 4 year old cohorts ( Figure 1 ). The length of a fish is directly proportional with weight gain, being strongly connected to development stages (early stages, size at first maturity, gonad development, spawning and spawning season) (Serajuddin et al., 2013) . Studying the length-weight relationship helps establishing the equation of recruitment yield (Ricker, 1958; Beverton et al., 1957) , estimating the number of landed fishes and comparing populations spatially and temporally (Pandey et al., 1974) . Length and weight parameters are used in calculating fishing gear selectivity and mainly in sizing the mesh, aiming at improving the catch per unit effort. The b index values express the type of growth and, according to literature sources, its values range between 2 and 4 (Bagenal and Tesch, 1978; Weatherley, 1972) , but most often around 3 (Năvodaru, 1997) ; in addition, this index can be considered as a measure of the environmental living conditions of fish (Battes et al., 2008) , being a generalization of the Fulton coefficient (Pitcher, 1990; Moreau, 1979) . The values of the a and b growth coefficients resulting from the plots (for each year separately and aggregately for the entire period covered) are centralized in Table 1 . During the two years of investigations, the values of coefficient b were higher than 3. In Pontic shad population, the body grows more in weight compared to length, under normal environmental conditions for the development and growth of the species. For the entire population, overall the study period, the determination coefficient (R 2 ) resulting from the regression was equal to 0.9583. A mean characteristic value of b = 3.1348, which indicates an allometric growth for the specimens sampled, namely a positive allometry (b>3). The value of b for the studied samples is close to the values reported in scientific papers dealing with this species in the Black Sea: 3.124; 3.216; 3.067 (Kalaycı et al., 2007) , 3.285 (Savaş and Nazmi, 2011), 3.338 (Özdamar et al., 1995) , but higher than the values obtained for the same species in the Danube: 2.457 (Năvodaru, 1997) , 2.487 (Ibănescu et al., 2016) , 2.731 (Rozdina et al., 2013) . Knowing the values of the two coefficients, the relationship between the total length and weight (Lt-W) for the Danube shad population during the study period was determined: W = 0.0057 * Lt 3.1348 .
In order to estimate the status of Pontic shad stocks, 2,133 individuals were sampled during 2012-2013 -biomass 538.5 kg, of which 1,123 specimens, with a total weight of 266.9 kg, were sampled in 2012, and 1.010 specimens, with a total weight of 271.6 kg, were sampled in 2013. Based on the samples analyzed for length frequency in scientific fish catches, the growth and exploitation parameters of the Pontic shad stock of the Black Sea were estimated by analytical methods, using the ESP software (Table 2) . Table 2 . Growth, exploitation parameters and length-weight relationship -migration 2012-2013 in the Black Sea (W = a x Ltb length-weight relationship, Lt -total length, W -weight, a and b -regression coefficients)
The asymptotic length (L∞ = L infinity) of Danube shad generated by the ELEFAN I method, after introducing total length data for the two years of study, was 41.5. The data obtained are comparable with the ones in literature. Pontic shad populations with asymptotic length ranging between 35.74 -57.38 are characterized by high growth rates in the first years of development (Table 3) . The natural mortality instantaneous coefficient (M) of the entire Pontic shad population, calculated according to Pauly's empirical equation, using the growth parameters of the Von Bertalanffy formula and the mean annual temperature of the two study years of 13 o C, recorded the following values: M = 0.585 in 2012 and M = 0.639 in 2013. The length at full recruitment to the exploitable phase (Lc = 30 cm for 2012-2013) was determined after analyzing gillnet selectivity in relation to the frequency of lengths within catches. The calculation of the catch curve used to determine selectivity led to the total mortality instantaneous coefficient (Z = 1.71) for all age groups. Fishing mortality (F) was calculated according to the relationship Z = F+M, in this case F = 1.13 (2012) and F = 1.07 (2013), respectively. Some additional considerations were made on the availability of food to some cohorts correlated to specimens' density, which impacts on growth, by testing the difference from 3 of the value of coefficient b in the relationship (Năvodaru, 1997) . As such, good conditions and favorable densities result in accelerated growth (Figure 2,  Figure 3 ), reflected by a value of coefficient b close to 3 or higher. In our case, the value of b was >3 during the study years. The status of Pontic shad stock expoitation was analyzed by positioning the current exploitation point (Pc) by means of the coordinates expressing length at which fishing selectivity has the value Lc = 0.5 and exploitation intensity (F), on the Y/R diagram resulting from applying the Beverton -Holt model (Figure 4, Figure 5) . The virtual population analysis (VPA) by lengths was performed using the ESP software. Catch data previously determined were used to apply the model: length class frequency set, coefficients a = 0.00477 (2012) We further performed a simulation of fishing optimization by modeling exploitation by changing the fishing effort (F) and recalculating the optimal biomass and the maximum sustainable yield (MSY), using the VPA and Thomson-Bell analytical models for the minimum of historical catches. The final data obtained from this analysis are absolute estimates of the stock and fishing mortality, for each length class, graphically shown in Tables  4 and 5 Using the growth and stock exploitation parameters, the sustainable catch was estimated by the Thompson-Bell model.
The maximum sustainable yield (MSY) was 10.97 tons (2012) and 11.67 tons (2013) ( Tables 6 and 7) . However, this sustainable catch should be considered indicative, whereas the samples were collected experimentally, using a smaller mesh size (the legal allowed mesh size is 32 cm) compared to commercial fisheries. 
CONCLUSIONS
The optimal biomass of the exploitable stock in 2012, estimated by Virtual Population Analysis (VPA), is 20.3 tons, corresponding to an optimal catch (MSY) of 10.97 tons.
The optimal biomass of the exploitable stock in 2013, estimated by Virtual Population Analysis (VPA), is 22.8 tons, corresponding to an optimal catch (MSY) of 11.67 tons. The exploitation status by analytical modelling of the Yield per Recruit (Y/R) is characterized by over exploitation, considering the selectivity of the mesh size (30 mm), which leads to a length at first catch of 30 cm. Given the exploitation rate, it is estimated that stocks are being overexploited, due to values higher than 0.5 which were recorded (E = 0.660 in 2012 and E = 0.625 in 2013, respectively). Whereas we are dealing with a migratory stock, for practical reasons and due to the uncertainties of the different assessment models, it is not recommended to increase fishing effort or reduce the mesh size, but only to perform a sustainable fishing which avoids catching specimens below the allowable size pursuant to legal regulations in force. Fish and fishery product quality must be guaranteed by standards adoption and legal regulations (Nicolae et al., 2015) .
